Introduction
============

Chronic obstructive pulmonary disease (COPD) is one of the main causes of morbidity and mortality worldwide and is expected to become the third cause of death and the fifth cause of disability-adjusted life years in 2020.[@b1-copd-9-1315] COPD is a disease associated with dyspnea, fatigue, and exercise intolerance. The degree of functional debility and level of exercise capacity greatly influences quality of life and mortality in patients with COPD, and the measures of exercise capacity such as the 6-minute walk test (6MWT) and incremental shuttle walk test are believed to be an integral part of patient assessment.[@b2-copd-9-1315] There is a need for simple ways to identify functional decline in the clinical setting in order to guide limited resources to preventive interventions or proper care, including palliative care.

Functional assessment
=====================

The value of measuring exercise capacity as a functional outcome in cardiopulmonary disease is indisputable. For example, the 6MWT as a measure of exercise capacity has been used to determine the effect of treatment interventions,[@b3-copd-9-1315] transplant allocation,[@b4-copd-9-1315] and prognosis.[@b5-copd-9-1315],[@b6-copd-9-1315] The 6MWT is also used for prognosis and as a measure of exercise tolerance in cardiac disease, particularly for pulmonary hypertension[@b7-copd-9-1315] and heart failure.[@b8-copd-9-1315] Routine monitoring of exercise capacity is compelling since a decline in 6MWT over time is a strong independent predictor of meaningful deterioration in severe COPD.[@b5-copd-9-1315],[@b9-copd-9-1315] While the measures of functional capacity like 6MWT are used regularly in pulmonary rehabilitation programs and research, they are not typically measured with daily clinic visits due to the time, equipment, and space requirements.[@b10-copd-9-1315],[@b11-copd-9-1315] Even when exercise capacity and daily physical activity are independently associated with morbidity and mortality in COPD,[@b6-copd-9-1315], [@b12-copd-9-1315]--[@b14-copd-9-1315] they are not routinely measured.

Gait speed as a functional outcome measure
==========================================

Gait speed, or measuring how long it takes for a patient to walk a short distance, takes very little time and space,[@b15-copd-9-1315] and can serve as a candidate measure of physical function in COPD. Gait speed has been shown to be an indicator of disability,[@b16-copd-9-1315] health care utilization,[@b17-copd-9-1315],[@b18-copd-9-1315] and survival[@b19-copd-9-1315],[@b20-copd-9-1315] in older adults. Numerous studies have found that walking speed can predict important clinical outcomes. Community dwelling older adults are more likely to be hospitalized (relative risk 5.9 \[95% confidence interval {CI}, 1.9--18.5\]) and more likely to require a caregiver (relative risk 9.5 \[95% CI, 1.3--72.5\]) if their gait speed was less than 0.7 m · s^−1^ when compared to their faster counterparts.[@b17-copd-9-1315] The risk of hospitalization drops 40% for every 0.2 m · s^−1^ increase in gait speed.[@b15-copd-9-1315] A gait speed of less than 0.5 m · s^−1^ is an independent predictor of falls (relative risk 1.4 \[CI, 1.16--1.73\]),[@b21-copd-9-1315] but most importantly, in a large pooled cohort analysis, an increase in gait speed by 0.1 m · s^−1^ was associated (0.88 \[95% CI, 0.87--0.90\]) with improved survival in older adults.[@b19-copd-9-1315]

Gait speed is a reliable and easy-to-perform measurement in a broad spectrum of disease populations,[@b15-copd-9-1315],[@b22-copd-9-1315]--[@b24-copd-9-1315] and has been promoted as the next vital sign, providing insight into patients' functional capacity.[@b25-copd-9-1315] Measuring gait speed requires little space, time, or training, making it an attractive measure of exercise capacity for routine use in the clinic. Reference values have been published for the general population and are useful to interpret results of the test.[@b26-copd-9-1315]

Furthermore, gait speed is modifiable through strength training and rehabilitation, making it a potential marker of functional improvement as well as decline.[@b6-copd-9-1315],[@b9-copd-9-1315],[@b27-copd-9-1315] Much like other vital signs, a one-time measure of gait speed may provide an objective measure of whole organism functioning and may signal physical function abnormalities requiring intervention. Alternatively, in severe COPD, a reduction in gait speed over time may herald short-term mortality, providing an opportunity to address advanced care planning and optimizing end-of-life care.[@b6-copd-9-1315],[@b9-copd-9-1315]

Gait speed in COPD literature
=============================

The studies evaluating gait speed in COPD have several common themes. Short-distance gait speed (4-m course) has a strong correlation (*r*=0.77--0.78) with exercise capacity in COPD, as measured by either 6MWT[@b28-copd-9-1315],[@b29-copd-9-1315] or the incremental shuttle walk test.[@b30-copd-9-1315] Gait speed is mainly determined by exercise capacity but reflects global well-being and captures the multisystemic effects of disease severity in COPD rather than pulmonary impairment alone ([Figure 1](#f1-copd-9-1315){ref-type="fig"}).

Gait speed has significant associations with dyspnea, quality of life, and pulmonary function.[@b19-copd-9-1315],[@b28-copd-9-1315],[@b30-copd-9-1315],[@b31-copd-9-1315] Increasing dyspnea, based on a higher modified Medical Research Council dyspnea scale, is associated with a slower gait speed, with a correlation (*r*) ranging from −0.52 to −0.55. Patients with higher gait speeds have improved disease-specific health-related quality of life, higher percent predicted forced expiratory volume in one second, and higher diffusing capacity for carbon monoxide, but all of those factors are not as strong as dyspnea or exercise capacity in determining gait speed.[@b28-copd-9-1315]

Usual gait speed has been very accurate in identifying clinically relevant benchmarks of 6MWT, poor (\<350 m) and very poor (\<200 m) 6MWT distances. A specific cutoff point of 0.8 m · s^−1^ had a positive predictive value of 69% and negative predictive value of 98% in predicting very poor exercise capacity. While the specific gait speed cut-off points do not predict an exact distance of 6MWT, they do provide a simple and inexpensive screening test for exercise capacity (an overall functional status) due to their strong negative predictive value. Gait speed fulfils other desirable criteria as a screening test: it is accurate, simple to perform, reliable, and inexpensive.[@b25-copd-9-1315],[@b32-copd-9-1315]

Gait speed has also been found to significantly respond to pulmonary rehabilitation and decline over time in patients with COPD.[@b33-copd-9-1315] Patients within the frailty category (gait speed \<0.8 m · s^−1^) are the ones whose gait speed was most responsive to pulmonary rehabilitation. The minimal clinically important difference of usual gait speed in patients with COPD seems to be between 0.08 and 0.11 m · s^−1^ defined consistently by anchor and distribution-based methods.[@b33-copd-9-1315] Also, 0.11 m · s^−1^ represents half-standard deviation of gait speed in the COPD cohorts. Half-standard deviation is a recognized method to define a clinically important difference.

Gait speed is highly reliable and reproducible in COPD regardless of distance, instructed pace, or timing mechanisms.[@b34-copd-9-1315] We recently demonstrated that usual gait speeds (walking at a comfortable/normal pace) and maximal gait speeds (walking as fast as you can safely, without running), measured by handheld stopwatches and automated timing systems, over two different distances (4- and 10-m courses) had exceptional reliability with interclass correlation coefficients ranging from 0.95--0.97.[@b34-copd-9-1315] Similar excellent reliability was seen in other studies.[@b23-copd-9-1315],[@b30-copd-9-1315] Due to the variation found between stopwatches and automated timing systems, in particular when measuring maximal gait speed, we would recommend using one methodology consistently.

The construct of gait speed
===========================

[Figure 1](#f1-copd-9-1315){ref-type="fig"} graphically represents the relationship (correlation coefficients) between gait speed and numerous important physiological and functional clinical outcomes in COPD.

The most significant association is with exercise capacity measured by 6MWT. As reported and further detailed in this review, gait speed has excellent screening abilities for low 6MWT that enable the clinician to order a walking test when appropriate. Interestingly, gait speed is only modestly associated with total energy expenditure (*r*=0.29), a measure that is related to total daily physical activity. However, it is more associated with specific activities like daily steps (*r*=0.497) and inversely associated with sedentary time (*r*=−0.385).

Dyspnea measured by the modified Medical Research Council dyspnea scale, a cornerstone outcome in COPD, is significantly associated with gait speed (*r*=0.528). Carbon monoxide diffusion capacity is significantly associated with gait speed in contrast to lung volumes or spirometry, suggesting that perhaps oxygen desaturation associated with poor diffusion capacity plays a role. Age is associated as expected and supported by extensive literature about the association of gait speed and the aging process. Emotions do not seem to be associated with gait speed as they are the other aspects of health-related quality of life (like dyspnea, mastery, and fatigue). In essence, the measure of gait speed may inform meaningfully the overall gestalt of the clinician about a patient with COPD.

Implementing gait speed measurements
====================================

A 4-m course is considered optimal for a field test[@b35-copd-9-1315] balancing a distance short enough to be feasible in most clinical settings, but long enough to ensure measurement accuracy. The measurements need to be performed in a flat and unobstructed clinic hallway, and can be made even by nonprofessional staff[@b19-copd-9-1315] with good reliability, even in frail patients or those with cognitive dysfunction. The most recent and validated methods described in COPD include a rolling start 4-m gait speed or a static start 4-m gait speed.[@b30-copd-9-1315],[@b34-copd-9-1315] For a rolling start, walks are performed with a 2-m rolling start where the participant is already walking as they enter the measuring area ([Figure 2](#f2-copd-9-1315){ref-type="fig"}). Two cones are placed 8 m apart, and then an automated timing system or well defined marker is set up 2 m after the first cone and 2 m before the second cone, providing a 2-m acceleration zone, a 4-m timing area, and a 2-m deceleration zone. Patients are instructed to "walk at a comfortable and natural pace" from one cone to the other. Our group used rolling start to eliminate the reaction time, acceleration and deceleration components of the walk from the evaluation. For a static start, a protocol available from the National Institute on Aging[@b36-copd-9-1315] has been recently reported in a validation study in a large COPD cohort where a 4-m course is marked out with tape. A walk was demonstrated to each participant prior to starting the test, but participants themselves did not perform a practice walk. The participant was positioned with the toes just touching the start line. The following standardized instructions were given:

> This is our walking course. I want you to walk just as if you are walking down the street down to the shops. Walk all the way past the other end of the tape before you stop. Ready ... begin.

Timing with a stopwatch started when the participant began to move, not on the command "begin". Timing was stopped when the participant's first foot completely crossed the 4-m line. In most studies, participants were allowed to use their normal walking aids (eg, cane or walker), and oxygen users were provided with extra-long tubing. While test--retest reliability is high, it is recommended to use a consistent methodology with the same distance, speed instructions, and timing mechanism all the time. Two trials of gait speed are recommended, with the fastest one to be used.

While the majority of studies measuring gait speed use a stopwatch, other options for timing mechanisms exist. The stopwatch timing method requires operators to be trained with extensive and detailed instruction.[@b36-copd-9-1315] On the contrary, the automated system requires minimal training which could be completed in less than 5 minutes.[@b34-copd-9-1315] In a tertiary care clinical setting where numerous clinical assistants are measuring the walking speed, a method that is easiest to train and with the lowest chance of variability between operators would be most effective in facilitating clinical implementation. Depending on financial resources and the ability to train personnel, using a stopwatch could also be a reasonable option for clinical use, but we would not recommend using a stopwatch or timer system interchangeably.

Short-distance gait speed already has its own unique assets, such as the ease of administration, and in the climate of changing health care and variable reimbursement, the use of gait speed may become more suitable than ever. Since gait speed is a fast and easy measure, it can be obtained on a routine basis allowing for physicians to trend change, and it may be the trend over months to a year which provides the most useful clinical information.[@b9-copd-9-1315] Our group[@b34-copd-9-1315] and others[@b15-copd-9-1315] have shown that gait speed can be measured in a real-world clinic setting. Almost all patients found gait speed measurements prior to clinic visits as an acceptable evaluation, and there was minimal time/burden added to support staff when implementing gait speed as a vital sign.

Limitation of gait speed
========================

While the 6MWT has been measured along with maximal oxygen consumption, similar evaluations have not been performed for short-distance gait speed. Unlike the 6MWT, gait speed has variability in methodology among the studies,[@b19-copd-9-1315] leading to some difficulty in comparing results. The latter will resolve over time, as a unified technique is adopted. Regardless of the limitations, the ease of administration and the strong relationship with important outcome variables makes gait speed an important clinical marker.

The future of gait speed in COPD
================================

Based on the strong relationship with measures of exercise capacity and other important outcomes in COPD, we believe that gait speed can be used as an indicator of overall well-being in the clinical setting. We suspect that over time, further work in the field will continue to show the strength of gait speed as a predictive marker in COPD and identify its ability to predict exacerbations, hospitalizations, read-missions, and mortality. Instead of relying on the "eyeball test"[@b37-copd-9-1315] regarding the patient's frailty or exercise capacity, a gait speed measure can be used as an objective measure. Repeat measures over serial clinic visits may show a pattern and further guide a change in therapy, whether it be medications, rehabilitation, or even initiation of palliative care discussions.
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**Abbreviations:** 6MWT, 6-minute walk test; BMI, body mass index; CRQ, chronic respiratory questionnaire; DLCO, diffusing capacity of the lung for carbon monoxide; FEV~1~, forced expiratory volume in one second; FVC, forced vital capacity; METS, metabolic equivalent task; mMRC, modified Medical Research Council; PHQ-2, patient health questionnaire-2; RV, residual volume.](copd-9-1315Fig1){#f1-copd-9-1315}
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